Piglets aged 12 to 72 h in which diarrhea had been induced by enteric Escherichia coli infection or sucrose gavage were studied with respect to cold resistance and thermal-circulation index in a 90-rnin test in a 6 C environment (Exp. 1) and free-choice environmental-temperature preference during a 60-rain test in a 24 to 44 C thermocline (Exp. 2). In Exp. 1, diarrhea lowered the piglet's ability to maintain body temperature during the cold test. Also, diarrheic piglets tended to have lower thermal circulation index values at the end of the cold test, indicative of a greater vasoconstrictive response to the cold environment. In Exp. 2, mean preferred environmental temperatures were 35.7, 34.9 and 34.5 C, respectively, for piglets in sham-control, E. coli-infected and sucrose-gavaged groups. For reason(s) still unknown, diarrheic piglets did not choose to locate themselves in a warmer niche than did normal piglets; in fact, they did the opposite. Results of the two experiments indicate that diarrheic neonatal piglets need even more attention and care in terms of the thermal environment than do healthy ones.
Introduction
Technological advances notwithstanding, approximately 20% of liveborn piglets still die during the first few postnatal days (Curtis, 1982) . Chilling is directly responsible for many of the deaths during the first postnatal day, and it also increases susceptibility to disease (Kelley et al., 1982) and decreases growth (Lynch, 1978) . Neonatal piglets in many commercial farrowing houses are subjected to environmental temperatures below the lower critical point. Thermoregulation in healthy neonatal mammals in cold environments has been studied extensively (Barnett and Mount, 1967) . Healthy piglets, in particular, have been studied in detail (Mount, 1972; Curtis, 1974) . However, the consequences of diarrhea, in terms of the piglet's responses to a cold Behavioral responses are as crucial to piglet thermoregulation as are the physical and chemical. Behavior in a thermocline -an environment in which there is a systematic and usually large temperature gradient from one place to another -has been studied in an attempt to learn the environmental-temperature preferences of various homeothermic animals (Eedy and Ogilvie, 1970; Ogilvie, 1970; Satinoff et al., 1976; Myhre, 1978) . Piglet behavior in a thermocline also has been studied. The environmental temperature preferred by single piglets less than 1 d of age reportedly averaged 32.3 C, while those aged 1 to 7 d preferred 29.3 C (Mount, 1963) . Preference for a warmer niche by the younger piglets has been assumed to have reflected compensation for lower metabolic rate and body temperature on the first postnatal day.
The purpose of the two experiments in this study was to ascertain effects of experimentally induced bacterial and nonmicrobial diarrheas on cold resistance, thermal-circulation index and environmental-temperature preference in piglets between 12 and 72 h of age.
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Experimental Procedures
Two experiments were conducted. In EXp. 1, piglets' cold resistance and thermalcirculation index during a 90-min period of cold stress were determined; the piglets were engaged in environmental-temperature-preference tests in a thermocline apparatus in Exp. 2. Procedural details in addition to the following are published in another paper (Balsbaugh et al., 1986) .
Experimental Animals and Treatments.
Fifty-eight colostrum-deprived crossbred piglets from eight litters were used in Exp. 1, and 61 from nine litters in Exp. 2. Each sow farrowed in a newly disinfected room. At birth, each piglet was weighed and it was placed in a bedded box under a 250-W lamp. Each litter's piglets were randomly allotted to one of 11 treatments in an incomplete 3 • 4 factorial arrangement. Three diarrheic conditions were studied at four ages. The diarrheic conditions were: 1) control (no diarrhea), 2) diarrhea induced bacterially (by an enteropathogenic strain of Escherichia coli) and 3) diarrhea induced nonmicrobically (by hypertonic sucrose solution given orally). The ages included 12, 24, 48 and 72 h. Because 12 to 18 h were required for bacterial infection to cause diarrhea, piglets with enteric E. coli infections were not studied at 12 h.
Regimen of Rearing and Feeding.
Piglets studied at 12 h were taken soon after birth to the experimental area. Those studied at 24, 48 or 72 h were placed at birth in individual cages in one of two isolation rooms (depending on mode of diarrhea induction) until taken to the experimental area about 11 h prior to nominal treatment age. Piglets to be tested at 24, 48 or 72 h were given access to 100 ml of a liquid diet (Handlin et al. 1973; Balsbaugh et al., 1986) four to five times/d from a shallow pan. The piglets were taught to drink and fed the first time within 6 h after birth. Air temperature in the isolation rooms was 33 to 35 C. paper (Balsbaugh et al., 1986) . Briefly, the E. coli strain used was isolated originally from a piglet with diarrhea, and has been serotyped s as 08:K87,K88ac: H19. Piglets were given an infective dose of the bacteria by mouth within 6 h after birth, prior to being fed the first time. The hypertonic (75%, w/v) aqueous sucrose solution was administered by gavage (15 ml/kg body weight)." Shamcontrol piglets were given .85% aqueous solution at the same rate, in the same manner.
Induction of

Experimental Protocol Common to Both
Experiments. A period of 8 h after sucrose administration was required for a piglet to achieve substantial (10 to 15%) weight loss and to overcome any lethargy caused by rapid body weight reduction. The entire experimental schedule was based on these requirements. Thus, at 11 h before each individual piglet's nominal treatment age, the piglet was taken to the experimental area, and its body wt was measured. No more food was offered. Shamcontrol and sucrose-dosed piglets were held in individual cages in an isolation room, while those experimentally infected by E. coli (all before 6 h of age) were held similarly in an isolation chamber, in the experimental area. Air temperature was 34 C in both environments.
Just before the appointed time for starting a cold-resistance test (Exp. 1) or a temperaturepreference test (Exp. 2), the piglet was weighed and its rectal temperature measured using a telethermometer 6 equipped with a generalpurpose thermistor probe v. Within 1 min after rectal temperature measurement, the appropriate test was started. Details of procedures used to determine body weight, total body water (TBW) concentration and hematocrit (Hct) are reported in another paper (Balsbaugh et al., 1986) .
Exp. 1 -Cold Resistance and Thermal Circulation Index in Piglets Subjected to 90-Min Cold Stress
A 90-rain cold resistance test began as a piglet was placed in its specially designed individual cage in a temperature-controlled chamber held at 6 C (range: 5 to 7 C). The cages (each 41 • 9 • 36 cm) were made of metal strips (spaced so a piglet's flank and back surfaces were easily accessible for surfacetemperature measurement) and flattened expanded metal (for excreta collection). The cage was so narrow that the piglet could not turn around. Once in a cage, a piglet was left undisturbed for 90 min but observed unobtrusively every few minutes through a window in the chamber door.
At the end of the 90-rain cold-stress period, without handling the piglet, its surface temperature was measured at three locations -right flank, left flank and back -using a radiation thermometer 8 held approximately 2.5 cm from the surface. A black-body reference thermometer, kept in the cold chamber for at least the preceding 6 h, was used to calibrate the radiometer prior to each measurement. The average of the three surface-temperature values was called the piglet's Tnean surface temperature. This value was then used to determine the piglet's thermal-circulation index (TCI), which was calculated according to Mount (1964) , as follows: mean surface temperature --TCI = air tempe~Tature rectal temperature --mean surface temperature
Rectal temperature and body weight were measured again at the end of the experimental cold stress.
Exp. 2 -Environmental-Temperature Preference in Thermocline Apparatus
Tbermocline Apparatus. Temperature preferences of piglets were determined using a thermocline apparatus constructed of 11 200-W heating coils spaced continuously and uniformly along the top of a 209-cm long, inverted U-shaped, 16-gauge steel shell (figure 1). Each heating unit comprised a coil controlled by its own aquarium-heater thermostat located 16 cm below the top of the coil. from the heater shell to a wire-mesh floor. Clear plastic surrounded the apparatus's base to eliminate drafts. The warmer end of the apparatus's steel shell was insulated with asbestos board, aluminum foil and foamed polystyrene, while the cooler half was uninsulated (figure 1). The thermostat setpoint for the heating element located at the warm end of the apparatus was 44 C, and successive units were set at lower temperatures, at 2-C intervals, so the setpoint was 24 C at the cold end (table 1) .
The thermocline apparatus (figure 2) was maintained in a continuously lighted chamber where air temperature was 12 C (range: 11 to 13 C). The apparatus was calibrated several times daily for 2 wk before the experiment began. Temperatures in respective heating-unit sections of the thermocline apparatus (7 cm above the apparatus's floor, close to respective units' thermostats) were also monitored once/h for 10 h before the series of tests started and again for 5 h after they had been completed (table 1). The apparatus was calibrated to a telethermometer 6 equipped with an air-tempperature thermistor probe 9.
Tracking System. An infrared-radiation tracking system was developed to monitor continuously a piglet's position in the thermocline apparatus (figure 3). The system's radiation source consisted of a common flashlight 1~ powered by a 3.75 VDC power source 11. Light from the flashlight lamp 12 was filtered through an infrared filter with a distinct wavelength transmittance band at .80 to 1.70 /am. The temperature of the lamp's filament, measured with an optical pyrometer, 'was 2,590 C. Accordingly, after Wien's law, the lamp's wavelength of maximal emission was 1.01 /am, providing radiation in the infrared region. Each of the 10 light sources was positioned outside the thermocline apparatus, between two adjacent heating-unit sections. Light beams were 9 cm above the floor and focused on a photocell cannister directly on the other side of the apparatus. The photoconductive cells 13 were wired in parallel in a resistance circuit. A piglet's movement along the thermocline apparatus eventually blocked a light beam, causing a voltage drop in the circuit, which in turn was detected as an event on a recorder a4. Each circuit was adjusted for sensitivity with a tripot variable resistor, so it was possible to detect the movement of a pencil through the beam. 
Temperature-Preference Tests.
A temperature-preference test began when a piglet was placed in the thermocline apparatus at the cold (24 C) end. Preliminary observations had indicated that piglets readily moved from their original place and actively investigated the apparatus along its entire length.
When a piglet was placed in the thermocline apparatus, the event recorder was turned on and left on continuously for the next 60 rain. To ensure that the piglets were active and mobile, the recorder was monitored closely during the first 5 min of each test. Every piglet engaged in a considerable amount of trans- bMean +-standard error of 10 hourly data for each section.
CMean -+ standard error of 5 hourly data for each section.
location during this period, which was considered to be a time for adjustment. The piglet's positions in the thermocline at the beginning of every rain thereafter (a total of 55 observations) were used to deduce its temperature preference. Following the thermocline test, the piglet's body weight and rectal temperature were measured again.
Statistical Analysis. Data from both experiments were subjected to multiple regression analysis. Analysis of variance was conducted to identify significant treatment effects, and . Infrared-radiation tracking system to monitor a piglet's movement in the thermocline apparatus. Legend: a) two photoconductive cells inside 35-mm plastic film cannister (4.9 • 3.0 cm), b) wire-mesh floor, c) double-parted clear-plastic windows, d) flashlight with infra-red filter, e) power source for flashlights, f) adjustable-thermostat control knob, g) thermostat, h) asbestos paper-foil partition between heating units, i) heating coil and hanger, j) asbestos paper lining inside of steel shell, k) wire-mesh thermostat protector and 1) circuit used to couple photocells and recorder: 1-50K-VR (variable resistor, MTC45LI), 2-photoconductive cell, 3-transistor (MPS 3395) and 4-470K resistor. t-test) were used to detect significant differences among treatments (Steel and Torrie, 1960) .
Results and Discussion
Body Weight, Total Body Water Concentration and Hematocrit. Results of this aspect of the research are reported in another paper (Balsbaugh et al., 1986) . Briefly, sucroseinduced diarrhea reduced body weight by 13 to 17%, and E. coli diarrhea, by 8 to 9%. Neither age nor diarrheal treatment affected total body water, although diarrheic piglets tended to have a higher hematocrit at all ages. It was concluded that diarrheic neonatal piglets lose body water and dry matter in a ratio similar to that of normal body water and dry matter concentrations, thus their bodies have normal specific heat values. (Curtis et al., 1967 : Foley et al., 1971 . Likewise, rectal temperature fell in piglets in all treatment groups (table 5). Rectal-temperature change was greater in both sucrose-dosed and E. col• infected groups than in sham-control (table 5), indicating that diarrhea did not lower the piglet's ability to maintain body temperature under cold stress. Sucrose-induced diarrhea tended to have a more profound effect than did diarrhea from E. col• infection. This effect must have been due to factors other than a diarrhea-induced reduction in average specific heat of the body (Balsbaugh et al., 1986) .
Mean Surface Temperature and ThermalCirculation Index. Mean surface temperature at the end of the 90-rain period in the cold environment was similar at the four ages (table 6), in accord with Mount's (1968) finding of age independency of surface temperature in piglets held at various environmental temperatures.
Mean surface temperature was slightly higher in 48-h-old piglets than in 72-, suggesting that sensible heat-loss rate was somewhat greater at 48 h. Mean surface temperature at the end of the 90-min period spent aEvery change in rectal temperature differed from zero (P<.0I).
b'c'dMeans in column that do not have a common superscript differ (P<.01).
e'f'gMeans in column that do not have a common superscript differ (P<.01).
hNo. of piglets.
in the cold tended to follow rectal temperature; it was lower in diarrheic piglets than in their sham-control counterparts, especially in the sucrose-dosed group (table 7) . Surface-temperature values tended to be lower than reported by Mount (1968) , which probably can be explained largely by the different methods used. In this study, surface temperature was measured by noncontact radiometry, while Mount (1968) used thermocouples attached to shaved skin. Thermal-circulation index (TCI) at the end of the cold-resistance test was lower in 72-h-old piglets than in younger ones (table 6), indicating that the older piglets had developed a more effective peripheral-vasoconstrictive response to cold stress than had the younger. The age-dependent nature of the piglet's TCI has already been reported (Mount, 1964) . It is interesting that, in the present experiment, piglets had a higher TCI at 48 h than at earlier or later times (table 6). The piglet's TCI at the end of the 90-min cold exposure was not significantly affected by diarrhea. However, diarrheic piglets tended to have lower TCI values (table 7) , indicative of a greater vasoconstrictive response, teleologically in an attempt to reduce heat-loss rate.
Exp. 2 -Environmental-Temperature Preference in Tbermodine Apparatus
Tbermocline-Apparatus Performance. A linear temperature gradient was established in the thermocline apparatus (table 1) b'CMeans in column that do not have a common superscript differ (P<.01).
d'eMeans in column that do not have a common superscript differ (P<.05).
f'gMeans in column that do not have a common superscript differ (P<.IO).
hNo. of piglets. (15) a'bMeans in column that do not have a common superscript differ (P<.01).
C'dMeans in column that do not have a common superscript differ (P<.05).
e'fMeans in column that do not have a common superscript differ (P<.IO).
gNo. of piglets.
apparatus was monitored for 10 h immediately before the start of each test and for 5 h after the end of each test, to ensure consistent functioning of the temperature-control system. Preferred Environmental Temperature. Each piglet's behavior in the thermocline was characterized in terms of mean temperature location during the entire 55-min test (mean), mean temperature location during the last 20 rain, temperature location where piglet spent the most total time (mode), number of times piglet positioned itself at the temperature location of the most total time, temperature location where piglet spent the longest single period (longest duration), rain spent at the temperature location of mode and min spent at the temperature location of longest duration. Preferred-environmental temperature data are summarized in table 8 for environmental temperature of mean, mode and longest duration and minutes spent at mode and at longestduration temperature locations. Interactions between age and treatment were not statistically significant.
The mean was chosen as an adequate indicator of preferred temperature. Thus, hereafter "preferred temperature" refers to "mean", as defined. Preferred temperatures were 5 to 6 C higher -regardless of age (table 9) or treatment (table 10) -than those reported by Mount (1963) . However, present results accord with the notion that an animal prefers to be in a thermal niche close to its lower critical temperature, which for the neonatal piglet is around 34 C (Mount, 1959) .
Age affected preferred environmental temperature (table 9) . In particular, 48-h piglets preferred a 1.5 C-cooler environment than did their counterparts at the other three ages combined. This, together with the eccentric values for TCI and mean surface temperature at 48 h of age in Exp. 1, suggests that at 48 h the CNo. of piglets piglet is in a period of transition which affects its thermoregulatory reactions.
Perhaps the most important finding in this experiment was the control piglets' expressing preference for an environment 1 C warmer than that preferred by piglets with sucrose-induced diarrhea (table 10) . Piglets with E. coli diarrhea tended to choose a cooler niche, too (table 10) . These choices are paradoxical in view of the impaired ability of diarrheic piglets to resist cold stress (Exp. 1).
Rectal Temperature. Piglets with sucroseinduced diarrhea had lower rectal temperatures, at both start and end of temperature-preference tests, than did sham-control piglets (table 11) . During the 1-h stay in the thermocline apparatus, rectal temperature rose significantly in sham-control piglets, but only tended to rise :in diarrheic piglets (table 11) . Rectal temperature was .8 C higher in sham-control piglets than in sucrose-dosed ones at test start, and 1.2 C higher at test end (table 11) . Sucrose-dosed piglets' rectal temperatures were very near those of E. coli-infected piglets (table 11) . These results indicate that the diarrheic piglet has an impaired ability to thermoregulate behaviorally. Interestingly, at 48 h, E. coliinfected piglets' rectal temperatures fell (P<.05) by .6 C during the thermocline test (from 38.0 to 37.4 C), while it rose (P>.10) from 38.9 to 39.4 C in control and from 37.3 to 37.6 C in sucrose-treated piglets. This further supports the idea that the period around 48 h after birth is an unusual time in the piglet's thermoregulatory ontogeny. cNo. of piglets. a'bMeans in column that do not have a common superscript differ (P<.O1).
C'dMeans in column that do not have a common superscript differ (P<.OS).
eNo. of piglets. bNo. of piglets.
Rectal-temperature change during the test was moderately correlated with the piglets' preferred temperature (r = .41, P<.06). Piglets that spent more time in warmer parts of the thermocline presumably had a greater gain of heat from the surroundings.
Rectal temperature at the start of the temperature-preference test was affected by treatment (table 11) , but the differ difference between preferred environmental temperature and starting rectal temperature was not (table  12) .
Discussion
Diarrhea reduced the piglet's ability to maintain its rectal and surface temperatures in a cold environment (Exp. 1). This effect must have been due to factors other than a diarrheainduced reduction in average body specific heat (Balsbaugh et al., 1986) . In any case, in view of this result, the finding in Exp. 2 was paradoxical: for reason(s) still unknown, when given free choice in a thermocline, diarrheic piglets did not choose to locate themselves in a warmer environment than did normal piglets; in fact, they did the opposite. Results of the two experiments taken together indicate that diarrheic neonatal piglets need even more attention and care in terms of the thermal environment than do healthy ones.
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